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Abstract A long-period magnetotelluric (MT) survey, with 39 sites covering an area of 270 by 150 km, has
identified melt within the thinned lithosphere of Pleistocene-Holocene Newer Volcanics Province (NVP) in
southeast Australia, which has been variously attributed to mantle plume activity or edge-driven mantle
convection. Two-dimensional inversions from the MT array imaged a low-resistivity anomaly (10–30Ωm)
beneath the NVP at ~40–80 km depth, which is consistent with the presence of ~1.5–4% partial melt in
the lithosphere, but inconsistent with elevated iron content, metasomatism products or a hot spot. The
conductive zone is located within thin juvenile oceanic mantle lithosphere, which was accreted onto thicker
Proterozoic continental mantle lithosphere. We propose that the NVP owes its origin to decompression
melting within the asthenosphere, promoted by lithospheric thickness variations in conjunction with rapid
shear, where asthenospheric material is drawn by shear flow at a “step” at the base of the lithosphere.
1. Introduction
The majority of the volcanoes around the globe occur at subduction zones or mid-ocean ridges, with origins
consistent with plate tectonic theory, while the remainder are in intraplate settings, and are generally
attributed to mantle plumes. However, plume theory does not explain the spatial pattern and timing of all
intraplate volcanism, some of which has been attributed to mechanisms such as shear-driven upwelling
[Conrad et al., 2011] and buoyant decompression melting [Raddick et al., 2002].
The Newer Volcanics Province (NVP) in south eastern Australia is an active intraplate volcanic field with
enigmatic origins. It includes ~400 eruption points over an area of ~15,000 km2 [Hare and Cas, 2005],
overlying Otway Basin sediments in the south and Palaeozoic rocks of the Lachlan and Delamerian orogens,
which are separated by the Moyston Fault, in the north (Figure 1).
Teleseismic tomographic studies [Graeber et al., 2002; Rawlinson and Fishwick, 2012] imaged a low-velocity
zone at 50–150 km depth beneath the NVP, which was interpreted as a hot spot caused by a mantle plume
[Graeber et al., 2002] or edge-driven convection (EDC) [Rawlinson and Fishwick, 2012]. However, considering
the Australian-Indian plate has a northerly drift [Sandiford et al., 2004], the spatial pattern of the NVP and lack
of systematic age progression of the volcanoes is inconsistent with a simple mantle plume model. The
upwelling rate (~1.5 cm/yr) for the youngest basalts of Mount Gambier (~5000 years old) and Mount Schank
(~4500 years old) is uncharacteristically low, even for a weak plume [Demidjuk et al., 2007]. EDC fails to
explain the absence of contemporaneous volcanism along the south eastern margin of Australia [Demidjuk
et al., 2007; Farrington et al., 2010], but recent work by Davies and Rawlinson [2014] suggests that EDC focused
into a locally thinner region of the lithosphere can explain the NVP volcanism. In addition, the large age
gap (~85–50 Ma) between rifting in Victoria and the eruptions of the NVP [Vogel and Keays, 1997] shows the
NVP magma generation is not associated with thermal residuals of continental rifting.
Seismic studies [Cayley et al., 2011; Rawlinson and Fishwick, 2012] imaged thinner (~100 km) lithosphere
underneath the Bendigo and Stawell zones (bounded by the Moyston Fault and Heathcote Fault Zones),
while thicker lithosphere underlies the Selwyn Block to the east, and Proterozoic crust underplates the
Grampians-Stavely Zone of the Delamerian Orogen to the west (Figure 1). This magnetotelluric (MT) study finds
a low-resistivity zone underneath the thinnest lithosphere, which we show is consistent with presence of partial
melt and argue decompression melting due to lithospheric thickness variations is the cause of NVP volcanism.
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2. MT Data
In 2010 and 2011, long-period MT data (10–10,000 s) were collected, using AuScope MT instruments, at the
same teleseismic locations of Graeber et al. [2002] in a rectangular grid (270 km×150 km), which consists
of 39 stations forming four parallel east-west trending profiles with 50 km spacing (Figure 1). The MT data
were processed applying the robust technique of Chave and Thomson [2004].
Phase tensors analysis [Caldwell et al., 2004] shows that the minimum phases in the Stawell and Bendigo
zones (Lachlan Orogen) exceed 45° for periods up to 300 s (Figure 1), suggesting conductivity increases at
upper mantle depths. In contrast, on the western Delamerian Orogen, the minimum phases lack increasing
conductivity trends over the same period range. Up to 300 s, the major axes of phase ellipses in the
Lachlan Orogen are aligned NW-SE, which is consistent with the average regional strike (N60°E) over the
bandwidth of 20–300 s for the same area (rose plot (a) in Figure 1). For the rest of the survey, including line A,
major axes of phase ellipses points toward the coastline, due to the coast effect, and are aligned NE-SW, which
is the average regional strike direction (N30°E) for the Delamerian side of survey (rose plot (b) in Figure 1).
3. Two-Dimensional Modeling
Two-dimensional models are developed using the Rodi and Mackie [2001] code for transverse electric (TE)
and transverse magnetic (TM) polarization modes, subsequent to rotation of MT response functions to the
dominant strike angle. Station D10 is removed from inversions since the majority of frequencies have 3-D
characteristics. The start model includes two layers, including materials of 100Ωm resistivity up to ~410 km
overlying a homogenous half space of 10Ωm. The errors for TE apparent resistivity were set to 100% for
the first inversion run and were gradually reduced to 10%. In the case of TMmode, the error floors were set to
10% for all inversions. The tipper error was set to 0.02, and for both TE and TM modes, the error floors of
phases were set to 5° for all inversions. Using these settings, the final root-mean-square (rms) misfit for line
A–D, respectively, are RMSA = 2.09, RMSB = 2.05, RMSC = 2.10, and RMSD = 2.06.
Figure 1. MT phase tensors for period of 300 s overlying on the NVP geological map. The rose plots (bottom right) are the
average strike direction over the period band of 20–300 s for stations to the (a) east of the Moyston Fault (Lachlan),
excluding the line A; and (b) west of the Moyston Fault (Delamerian), including line A. The right inset map shows the
Victorian part of the Lachlan Orogen and the Delamerian Orogen (DEO). Faults include AF: Avoca Fault, HFZ: Heathcote
Fault Zone, and YF: Yarramyljup Fault.
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4. Results and Interpretations
4.1. Resistivity Structures
The most prominent feature identified is a major low-resistivity zone of 10–30Ωm underneath the Bendigo
and Stawell zones at ~40–80 km depth (A1, B1, C1, and D1 in Figure 2a), referred to here as the NVP anomaly,
which extends ~40–90 km E-W and ~150 km NW-SE. In addition, there is a good spatial agreement
between the NVP anomaly and the low-velocity zones at 50–150 km depth identified by teleseismic studies
[Graeber et al., 2002; Rawlinson and Fishwick, 2012].
The NVP anomaly is located underneath a V-shaped resistive area at the eastern side of lines A–D (features A3,
B3, C3, and D3 in Figure 2a), which represents Cambrian volcanic rocks of the Stawell and Bendigo zones
(Figures 2b and 2c), as inferred by seismic reflection studies [Cayley et al., 2011]. The eastern margin of the
V-shaped resistive blocks underneath stations A10, B10, C10, and D09 is a west-dipping structure that
spatially coincides with the Heathcote Fault Zone, while the western margin of the V-shaped feature
images the east-dipping Moyston Fault. The resolution of MT models is significantly reduced below ~90 km
underneath the NVP anomaly.
Additionally, a very resistive structure within the lower crust and upper mantle beneath the Stawell and
Grampians-Stavely zones is resolved (features B4 and C4 in Figure 2a), which is spatially consistent with
regional positive gravity anomalies [Murphy et al., 2006] and high seismic velocities [Rawlinson et al., 2011].
This zone may represent Proterozoic continental basement of the Delamerian Orogen, as inferred from
seismic and gravity studies [Murphy et al., 2006; Rawlinson et al., 2011].
(b)
(c)
(a)
Figure 2. (a) MT 2-D inversionmodels located above simplified geological map (see Figure 1 for the geologymap legend). Lines 1 and 2 are seismic reflection profiles
with the interpretations shown in (b) and red dots are MT stations; (b) interpretations of the seismic cross sections of lines 1 and 2 shown in (a) modified after
[Cayley et al., 2011]; (c) top 40 km of MT model of line B along stations B05–B10. In (a) and (b), faults include AF: Avoca Fault, HFZ: Heathcote Fault Zone, MF: Moyston
Fault, and YF: Yarramyljup Fault.
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4.2. Interpretations of the NVP Anomaly
Laboratory and MT studies show that the bulk conductivity of the mantle depends on several parameters
including composition, degree of partial melt, and temperature [e.g., Constable, 2006; Fullea et al., 2011;
Roberts and Tyburczy, 1999; Yoshino, 2010]. MTmeasurements along with western Victorian geochemical data
are used to show that the NVP anomaly is a product of mantle partial melting and that composition and
temperature, although they may contribute to the conduction, cannot solely be the cause of the anomaly.
Throughout the discussion, the pressure and temperature ranges derived from western Victorian xenolith
studies [O’Reilly and Griffin, 1985; Sutherland et al., 2004] are used to constraint P-T condition, which represent
the upper boundary of the NVP anomaly at Moho depth or ~40 km (~900°C, 0.9 GPa) and the lower boundary
of the NVP anomaly at ~80 km (~1200°C, 2.2 GPa).
4.2.1. Composition
For most minerals conduction can be attributed to the presence of impurities such as ferric iron or hydrogen
since a typical silicate or oxide mineral, with no transition metals in the crystal lattice and all electrons
strongly bound to the atomic nuclei, behaves as an insulator [Karato and Wang, 2013]. For these minerals,
conduction occurs when thermally activated electrons move from filled valance band to empty conductor
band, referred to as intrinsic conduction. In general, for most minerals the gap between valance and
conduction bands is large, the activation energy is high, and the contribution of intrinsic charge carriers to
conduction is small. For this reason, the conductivity of typical minerals can be significantly affected by
impurities such iron and hydrogen [Karato and Wang, 2013]. Here we discuss whether the impurities,
including iron, hydrogen, and metasomatism products, could be the cause of the NVP anomaly.
4.2.1.1. Iron
Although increased iron content is well known to enhance conductivity [Romano et al., 2006], iron content
variations in the western Victorian mantle can only have a small contribution to the NVP anomaly. Laboratory
studies on iron-bearing minerals show that at temperatures less than 1200°C, electrical currents are
conducted either by electrons hopping between Fe2+ and Fe3+ or moving electron holes in the valance band
[Karato and Wang, 2013]. The magnesium number (Mg#=Mg2+/(Mg2++Fe2+), where Mg and Fe are in molar
concentrations) generally ranges from 0.8 to 0.9 in mantle olivine, pyroxene, and garnet [Pearson et al., 2003],
which is consistent with average values for NVP mantle minerals [e.g., Griffin and O’Reilly, 1988]. At 1000°C
and 10–19 GPa the resistivity of these minerals is measured 100Ωm for Mg# 0.8 and 10,000Ωm for Mg# 0.9
[Romano et al., 2006]. Thus, Fe content alone is unlikely to be the cause of the NVP anomaly. However,
laboratory measurements on garnet conductivity are performed under significantly higher pressures relative
to the NVP anomaly conditions (0.9–2.2 GPa) and the pressure effect on conductivity of iron-bearing minerals
remains controversial [Karato and Wang, 2013].
4.2.1.2. Hydrogen
Dissolution of hydrogen (water) in the mantle can enhance the conductivity by several orders of
magnitude in an isotropic fashion, referred to as proton conduction [e.g., Karato, 1990; Poe et al., 2010;
Wang et al., 2008; Yoshino et al., 2009]. However, the mechanism(s) for, and the magnitude of, proton
conduction remains controversial [Jones, 2014; Jones et al., 2012]. Geochemical analysis of volcanic glass
from the NVP show the water content of the glass range from 0.05 to 0.1 wt % [Van Otterloo, 2012], which
we used as an estimate for mantle water contents. The resistivity of solid lherzolite can be calculated
from formula of Wang et al. [2008] for varying water and iron content (see Appendix A for formula). Using
the NVP lherzolite xenolith data, resistivity is calculated to be ~2,000Ωm at 900°C for water content of
0.1 wt % and XFe = 0.1 [e.g., Griffin and O’Reilly, 1988], which is significantly higher than that of the NVP
anomaly (~10–30Ωm). In addition, teleseismic studies provide support for this interpretation. Remote
sensing studies of hydrogen in the mantle show that if there is less than 0.1 wt % water in the mantle
then the reduction of P wave velocity is less than ~0.5% [Karato, 2006], while the measured reduction of
P waves velocities for the western Victorian mantle (coinciding with the NVP anomaly) is ~3.8% [Graeber
et al., 2002; Rawlinson and Fishwick, 2012]. Although water enhances the mantle conductivity, the NVP
anomaly cannot be solely explained by the current estimates for water in western Victorian mantle.
4.2.1.3. Metasomatism
Metasomatism can introduce and remove minerals and fluids to the mantle and can affect overall bulk
conductivity, depending on the mobility of the impurities relative to the mobility of intrinsic charge carriers
[e.g., ten Grotenhuis et al., 2004]. Studies of western Victorian peridotite xenoliths find abundant conductive
Geophysical Research Letters 10.1002/2014GL060088
AIVAZPOURPORGOU ET AL. ©2015. American Geophysical Union. All Rights Reserved. 349
minerals, including amphibole and sulfides, as well as H2O-CO2 fluid inclusions [e.g., Griffin and O’Reilly, 1988],
which indicates the effects of metasomatism on bulk conductivity need to be considered.
At lower crustal conditions amphibole conductivity is controlled by dehydration, which releases hydrogen
and oxygen and transforms Fe2+ to Fe3+, and consequently increases conductivity [Wang et al., 2012].
However, amphibole conductivities at mantle conditions are poorly constrained. In addition, amphiboles in
western Victorian xenoliths are rare, have low Fe content (<4.5 wt % FeO) [Griffin and O’Reilly, 1988] and form
large isolated clusters along foliation planes, rather than forming an interconnected network. Thus,
amphibole is unlikely to be the cause of the NVP anomaly.
Recent laboratory and field studies have shown that small amount of sulfides, in the form of melt or well-
connected crystallized networks, can enhance conductivity in the absence of water or other connected melt
or fluid phases [e.g., Thiel et al., 2005;Watson et al., 2010]. For example, adding 1.4 wt % of sulfide impurities to
olivine (Mg #= 0.91) can increase conductivity by several orders of magnitude [Watson et al., 2010].
Sulfides content in the western Victorianmantle (0.1 wt %) [MacRae, 1979], however, is an order of magnitude
lower than the laboratory studies cited above, and these low contents are typical of studies of metasomatism
of mantle minerals [e.g., Andersen et al., 1987]. As a result, it is unlikely that sulfides alone, either as melt
or solid, are responsible for the NVP high conductive zones.
In western Victoria, H2O-CO2 rich fluids are common products of metasomatism [e.g., O’Reilly and Griffin, 1988].
Dissolution of carbon dioxide in water releases ions of H+ and HCO3, which can act as charge carriers and
increase the bulk conductivity [Unsworth and Rondenay, 2013]. However, these minor phases can increase the
bulk conductivity if they form well interconnected networks along grain boundaries [Unsworth and Rondenay,
2013]. Studies of volatile-rich peridotite xenoliths show that, in contrast to silicate and carbonate melts,
H2O-CO2 rich fluids tend to fill isolated pores along grain boundaries rather than forming interconnected films
[O’Reilly and Griffin, 2013]. As a result H2O-CO2 rich fluids do not significantly affect the bulkmantle conductivity.
4.2.2. Temperature
Assuming the mantle beneath the western Victoria is dry and that the elevated temperatures are the origin of
the NVP anomaly, the conductivity of the anomaly can be calculated if the geotherm is known. Laboratory
studies by Constable [2006] show that the resistivity of dry olivine at ~900°C to ~1200°C (the estimated
temperature range for the NVP anomaly) varies from ~30,000Ωm to ~8,000Ωm, which is several orders of
magnitude higher than the resistivity of the NVP anomaly (10–30Ωm). Since the estimated mantle
temperatures are derived from geothermometry studies of western Victoria, one uncertainty with the mantle
xenoliths is whether they record ambient mantle temperatures (preplume), or reequilibrated temperatures
after a plume thermal perturbation. In general, the conduit of mantle plumes increases the ambient mantle
temperatures by a maximum of 250–300°C [Davies, 1999]. This places an upper bound on mantle
temperatures beneath western Victoria in the range of 1150–1200°C at ~40 km after equilibrium. In this
temperature range (1150–1200°C), the resistivity of dry olivine is estimated to be ~1000–20,000Ωm
[Constable, 2006], which is still significantly higher than that of the NVP anomaly. It is concluded that the NVP
anomaly cannot be exclusively produced by enhanced temperatures in dry peridotite or a hot spot.
4.2.3. Partial Melt
Since the NVP is an active volcanic province, it is necessary to consider whether the conductive mantle
anomaly is a result of partial melt. The conductivity of melts has been extensively studied in laboratories and
from field measurements [e.g., Constable and Heinson, 2004; Gaillard, 2004; Roberts and Tyburczy, 1999]. Here
the melt conductivities are estimated from geochemical data to investigate whether the NVP anomaly can be
explained by the presence of partial melt in the mantle.
Western Victorian P-T conditions (Figure 3a) were determined from Bullenmerri garnet-bearing xenolith
data [O’Reilly and Griffin, 1985] and using the MELTS code [Ghiorso and Sack, 1995], which facilitates
thermodynamic modeling of phase equilibrium in magmatic systems. In Figure 3a, it is clear that the western
Victorian mantle solidus is higher than the South East Australian (SEA) geotherm, indicating partial melting
will only occur in the presence of volatiles or changes in P and/or T.
Resistivity of silicate melt with varying water content (Figure 3b) is calculated at different temperatures and
pressures using the SIGMELTS web portal [Pommier and Le-Trong, 2011]. Figure 3b shows that the resistivity of
melt phase containing 0.001–0.1 wt % water varies between ~1 and 30Ωm at temperatures of ~900–1150°C
and pressures of 1–2 GPa, consistent with the NVP anomaly.
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The melt fraction (ϕ) is determined by the Hashin-Shtrikman upper bound on the bulk conductivity formula
[Shankland et al., 1981]:
ϕ ¼ 3σm σb  σsð Þ
σb þ 2σmð Þ σm  σsð Þ (1)
where σb is bulk conductivity (reciprocal of the resistivity), σm is melt conductivity, and σs is solid mantle rock
conductivity. The melt fraction is calculated for temperatures of the upper boundary of the NVP anomaly at
~40 km (~900°C) and the lower boundary of the NVP at ~80 km (~1200°C). The bulk resistivity of the NVP
anomaly, derived from MT inversion models, is ~10–30Ωm, with the most resistive value of 30Ωm (equals to
0.03 Sm1) adopted for melt fraction calculations. The melt resistivity value is constrained from Figure 3b,
which shows the minimum resistivity of melt with 1 wt % water is ~1Ωm (equals to 1 Sm1) at 1100°C and
1.7 GPa. For the melt fraction calculations, the minimum melt resistivity value of 1Ωm is adopted. The
resistivity of NVP solid lherzolite is calculated using the formula of Wang et al. [2008] and the NVP lherzolite
geochemistry, which is calculated to be ~2000Ωm (equals to 0.0005 Sm1) at 900°C and 50Ωm (equals to
0.02 Sm1) at 1200°C (see Appendix A for formula). The reciprocal of bulk, melt, and solid rock resistivity values
cast into equation (1) yields a range of partial melt from 4% (T=900°C) to 1.5% (T=1200°C).
It should be mentioned that the melt fraction calculations from MT measurements is affected by our
knowledge of temperature, bulk chemical composition, and the melt geometry [Pommier and Garnero, 2014].
For example, for these calculations, the melt resistivity is assumed to be temperature independent and
chosen to be the minimum value (1Ωm), which results in the lowest calculated melt fraction. Figure 3b
shows that the resistivity of melt containing 0.1 wt % water at 900°C (the upper boundary of the NVP
anomaly) is ~9Ωm. Adopting melt resistivity value of 9Ωm yields the melt fraction to be ~35% for the bulk
conductivity of 30Ωm and solid conductivity of 2000Ωm, which is clearly an overestimate for an intraplate
volcanism [Pommier and Garnero, 2014]. However, the Hashin-Shtrikman upper bound model used for melt
fraction calculations estimates higher melt fractions relative to the parallel conductive model and is a
suitable model to calculate the melt fractions above 0.025 [ten Grotenhuis et al., 2005].
In conclusion, to constraint the melt fraction calculations, the result of geochemical studies on western
Victorian basalts are considered. These calculations are in agreement with geochemical studies of NVP
volcanoes, which show that the most primitive magma compositions are produced by 4%–5% of partial melt
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Figure 3. (a) Solidus (dashed black line to the left) of the NVP Bullenmerri xenoliths produced using MELTS code [Ghiorso
and Sack, 1995]. (b) The melt resistivity calculated using SIGMELTS web portal [Pommier and Le-Trong, 2011]. The input
parameters are water content varying between 0.001 and 1.0 wt %, 49.09 wt % SiO2 and 3.64 wt % Na2O [Van Otterloo,
2012], temperature ranges between 850 and 1150°C and pressure ranges between 0.85 and 2 GPa. There is a slight increase
in melt resistivity for increasing pressure from 1.7 GPa to 2 GPa, supported by laboratory measurements on silicates melt
conductivity [Gaillard, 2004].
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[Demidjuk et al., 2007; Van Otterloo et al., 2014]. Another constraint is provided by the primitive magma
composition and low water contents (0.1 wt %), which indicates that partial melting does not exceed 10%
[Irving and Green, 1976].
4.3. Mechanism for the Genesis of the NVP Magmas
Melting in the lithospheric mantle can be initiated by increasing temperature, reducing pressure, or adding
volatiles. Increasing temperature from a mantle plume is not supported by our MT models (see section 4.2.2)
and is inconsistent with the timing and spatial association of volcanoes in the NVP [Hare and Cas, 2005].
Decompression melting in the lithosphere is also not tenable because Victoria is in a state of compression,
rather than extension [Sandiford et al., 2004]. The addition of volatiles, discussed below, is a possible
mechanism for initiating partial melt within the lithosphere.
An important constraint provided by our MT models (Figure 2) is the clear spatial association with the NVP
anomaly and thinned lithosphere. Figure 2 illustrates that the NVP anomaly is located underneath Cambrian
volcanic rocks of the Bendigo and Stawell zones. This part of the Lachlan Orogen forms the upper part of
thinner, juvenile lithospheric mantle that was trapped between converging older and thicker subcontinental
lithospheric mantle of the Selwyn Block in the east [Cayley, 2011] and the Delamerian Orogen to the west
[Rawlinson and Fishwick, 2012; Robertson et al., 2014]. Lithosphere thickness beneath the Proterozoic
Delamerian Orogen may be 150–200 km thick, while it is significantly thinner beneath the Lachlan Orogen
(~100 km), inferred from teleseismic studies [Rawlinson and Fishwick, 2012].
Lateral variations of lithospheric thickness can cause regional asthenospheric upwelling and decompression
melting if mantle rocks are near their solidus. The upwelling is enhanced if the viscosity is reduced in the
region with thinner lithosphere, as would be expected if partial melting occurs [Conrad et al., 2010]. Davies and
Rawlinson [2014] showed that this effect is enhanced if the thin lithosphere is of limited lateral extent. This
leads to the possibility of a long-lived and self-sustaining region of partially molten asthenosphere beneath a
small region of anomalously thin lithosphere in a fast-moving continent. Anomalously hot asthenospheric
material coming from depth may contribute to raise the temperature at the base of lithosphere, which can
initiate partial melt within the lithosphere primed by volatiles. The presence of metasomatic fluids in the
western Victorian lithosphere is supported by geochemical studies that show western Victorian mantle has
been through at least three distinct episodes of metasomatism, with the second episode overlapping the NVP
volcanism [O’Reilly and Griffin, 2013]. We propose that asthenospheric circulation driven by shear flow causes
upwelling and decompression melting at the base of thinner lithosphere of the Bendigo and Stawell zones.
Pooling of the melt at the base of the lithospheric mantle both raises the temperature of, and adds volatiles to,
lithospheric mantle and initiates partial melting, which has been identified by our MT models.
5. Conclusion
A major conductive zone (10–30Ωm) is identified at ~40–80 km depth, underneath the resistive Cambrian
volcanic rocks of the Bendigo and Stawell zones, referred to here as the NVP anomaly. This anomaly is
associated with the presence of ~1.5–4% partial melt in the mantle lithosphere, supported by independent
geochemistry studies of the NVP basalts and xenoliths, and is not attributed to either mantle iron content,
metasomatism products or enhanced temperatures (e.g., a mantle plume) in dry peridotite. The NVP anomaly
is embedded within a thinner lithospheric mantle of the Bendigo and Stawell zones, which is trapped
between older continental lithospheric mantle of the Selwyn Block and the Delamerian Orogen. We suggest
the NVP origin is due to decompression melting of the shear-driven flow of buoyant asthenospheric material
within a “step” at the lithospheric base of the Stawell and Bendigo zones.
Appendix A
The conductivity of the lherzolite for varying iron (XFe) and water (Cw) contents (wt %) can be calculated from
formula of Wang et al. [2008]:
σ ¼ 105:2±0:4C0:67±0:07w exp 
183 kJ=molð Þ
RT
 
exp XFe 79±3 kJ=molð ÞRT
 
(A1)
where R is gas constant in Jmol K and T is temperature in K.
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